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The leaf anatomy of the southern African Ficus spp. is 
compared and discussed. The characteristics of the epidermis 
and mesophyll appear to be of particular value in the 
delimitation of taxa at subgeneric level. A key for identification 
of the southern African species, based on anatomical 
characteristics of leaves, is provided. 
Characteristics indicating relationships between taxa as well 
as phylogenetic relationships are discussed. 
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Die blaaranatomie van die suider-Afrikaanse Ficus-soorte 
word vergelyk en bespreek. Vera! die uitbeelding van die 
epidermis en die mesofil blyk waardevol te wees in die 
omgrensing van taksons op subgeneriese vlak. 'n Sleutel vir 
die identifisering van die suider-Afrikaanse spesies, gebaseer 
op anatomiese kenmerke, word verskaf. 
Kenmerke wat verwantskappe tussen taksons aandui asook 
filogenetiese verwantskappe word bespreek. 
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Introduction 
The Moraceae is represented in southern Africa by the 
genera Ficus, Bosqueia, Morus and Cardiogyne. The family 
is characterized by compact, usually fleshy inflorescences 
with strongly reduced unisexual flowers and the presence of 
latex. 
The genus Ficus is represented in southern Africa by 24 
species (Van Greuning 1982) . The taxon is characterized by 
flask-shaped inflorescences known as syconia and prominent 
but caducous stipules which protect the shoot apex. On the 
basis of external morphological characteristics the southern 
African representatives are grouped into Mildbraed & 
Burret's (1911) phylogenetically arranged subgeneric taxa 
by Hutchinson (1915) : 
Subgenus Sycomorus 
Subgenus Sycidium 
Subgenus Urostigma 
Subgenus Bibracteatae 
Series Fasciculatae 
Series Axillares 
Considerable confusion exists as to the delimitation of 
certain Ficus species and problems are also experienced in 
the identification of species from sterile material. Since 
previous investigations were mainly based on external 
morphological characteristics of herbarium specimens, the 
aim of this investigation was to evaluate the anatomical 
characteristics of leaves as an additional criterium for the 
delimitation of taxa. 
The morphology of the leaves of Ficus species was examined 
by Baijnath & Naidoo (1979), Lersten & Peterson (1974) 
and Philpott (1953) . Only Baijnath indicated the taxonomic 
significance of leaf surface characteristics. Lersten was 
interested in hydathodes and pigment discs of F. diversi-
folia while the aim of Philpott's work was to interpret 
structure in terms of function. 
Materials and Methods 
Twigs with leaves and syconia of the following species were 
preserved in F.A.A. (Johansen 1940): 
Subgenus Sycomorus Gasp. 
Ficus sycomorus L. 
F. sur Forsk. 
Subgenus Sycidium Miq. 
F. capreifolia Del. 
F. pygmaea Welw. ex Hiern 
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Subgenus Urostigma Gasp. 
F. cordata Thunb. 
F. in gens (Miq.) Miq. 
F. salicifolia Vahl 
F. verruculosa Warb. 
Subgenus Bibracteatae Mildbr. & Burr. 
Series Fasciculatae Mildbr. & Burr. 
F. bizanae Hutch. et Burtt Davy 
F. polita Vahl 
F. sansibarica Warb. 
F. tremula Warb. 
Series Axil/ares Hutch. 
F. abutilifolia Miq. 
F. burtt-davyi Hutch. 
F. craterostoma Warb. ex Mildbr. & Burr. 
F. fischeri Warb. ex Mildbr. & Burr. 
F. glumosa Del. 
F. ilicina (Sond.) Miq. 
F. lutea Vahl 
F. natalensis Hochst. 
F. stuhlmannii Warb. 
F. tettensis Hutch. 
F. thonningii Bl. 
F. trichopoda Baker 
The leaves of at least five specimens of each species, each 
from a different locality, were examined. All leaves were 
mature and more or less of the same plastochron. A zone 
about 5 mm wide across the lamina, halfway between the 
lamina base and apex, was removed and prepared for 
anatomical examination according to the methods of Sass 
(1966). Cross-sections 5 to 7 ,urn thick were made, stained 
with safranin and fast green (Johansen 1940) and mounted 
in Canada balsam. A Leitz Ortholux microscope equipped 
with interference contrast optics was used for the examination 
of the ~!ides. The thickness of the midvein was taken to be 
the distance between the adaxial and abaxial leaf surfaces 
across the midvein as measured on the slides. The thickness 
of the lamina was measured between the abaxial and adaxial 
leaf surfaces, halfway between the midvein and the leaf 
margin, in a region devoid of vascular tissue. 
Results and Discussion 
The midvein 
The basic structure of the mid vein of the different species is 
very similar in cross-section. The vascular tissue of the 
midvein is arranged in a cylinder with gaps in the adaxial side 
only (Figure 1). A few isolated phloem strands occur in the 
centre of the vascular cylinder. 
The functional phloem is bordered peripherally by a few 
layers of primary phloem fibres. The ground tissue adjacent 
to the phloem fibres gradually becomes lignified in older 
leaves (Figure 1). 
Tanniniferous and crystal-containing cells occur in the 
vascular parenchyma and parenchymatous ground tissue 
(Figure 1). According to Rachmilevitz & Fahn (1982) 
laticifers occur in the cortex and pith of stems of F. carica. 
Although laticifers can easily be identified in a longitudinal 
section of the laticifer (Figure 2), they resemble parenchyma 
cells in a transverse section. The laticifers of Ficus species 
are of the branched, non-articulated type (Esau 1965). They 
occur mainly in the vicinity of the vascular tissue but also in 
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Figure 1 Transverse section of the midvein of a leaf of F. glumosa. 
P - phloem; Co - collenchyma; T - tanniniferous cell; Sc -
sclerenchyma; X- xylem. 
Figure 2 Part of a transverse section of the lamina of F. thonningii 
containing a laticifer (Lat). 
the mesophyll and between epidermal cells (Figure 2). 
The latex of Ficus species differs from that of other genera, 
eg. Euphorbia (Mahlberg et al. 1983), by the absence of 
starch grains and the presence of Sudan IV-positive droplets. 
These droplets have not been identified but may possibly be 
the dense bodies mentioned by Rachmilevitz & Fahn 
(1982). In F.A.A.-fixed material the droplets are not visible, 
perhaps due to their dissolution in the fixative. 
Epidermis 
The characteristics of the epidermis are of particular 
taxonomic as well as phylogenetic interest because they 
differ conspicuously between species. The differences are 
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especially prominent in the size and shape of the cells, the 
number of cell layers, the presence of trichomes and the 
position of lithocysts. 
Adaxial epidermis 
In the majority of species the adaxial epidermis consists of 
two layers of cells (Figure 3). In the members of the subgenus 
Urostigma, however, it consists of a single cell layer (Figure 
4) while it is mostly three or more layered in members of the 
evolutionary more advanced series Axillares (Figure 5, 
Table 1). 
In species in which the epidermis consists of a single cell 
layer, the cells are more or less cubical or. sometimes 
anticlinally elongated. Where the epidermis is multiseriate, 
the cells of the outer layer are considerably smaller than 
those of the underlying layers (Figures 3 & 5). 
50 urn 
Figure 3 Part of a transverse section of the lamina of F. tremula to 
show the adaxial epidermis (Ad), a lithocyst (Li) and a cystolith (Cy). 
60 urn 
Figure 4 Part of a transverse section of the lamina of F. cordata to 
show the uniseriate adaxial epidermis (Ad), palisade-like spongy 
parenchyma (Sp) and sunken guard cells (Gc). 
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Figure 5 Part of a transverse section of the lamina of F. glumosa to 
show the multiseriate adaxial epidermis (Ad) , tanniniferous cells (T) , 
crystals (Cr) and bundle sheath extensions (Be). 
According to Esau (1965) the multiple epidermis of Ficus 
species functions as a water storing tissue and a relatively 
thick leaf epidermis is considered to be a xeromorphic 
character. 
In her study of 47 Ficus species, Philpott (1953) came to 
the conclusion that the epidermis and spongy parenchyma 
are responsible for lateral transport in the leaf. She also 
stated that a broad multiseriate epidermal zone is charac-
teristic of xeromorphic plants. In this study, however, no 
correlation could be found between the number of epidermal 
cell layers and the climatic conditions under which the plants 
grow. The adaxial leaf epidermis of F. cordata, which 
favours extremely dry conditions, is single layered while that 
of F. trichopoda which grows in very wet, marshy places, is 
three or more layered. 
In the development of the multiseriate epidermis, certain 
cells of the outer layer enlarge to form lithocysts which reach 
diameters of twice or more that of the thickness of the entire 
adaxial epidermis (Figure 3). The outer tangential walls of 
the expanded cells usually form a club-shaped structure 
projecting into the cell lumen. This structure becomes 
thickened and impregnated with silica to form a cystolith. As 
the cystolith elongates, the terminal end enlarges through 
the deposition on it of calcium carbonate (Esau 1965) 
(Figure 6) . In F. pygmaea, F. capreifolia and F. sycomorus, 
the outer tangential walls of some of the lithocysts grow out 
into solid, silica impregnated spines (Figure 7). In members 
of the subgenus Urostigma as well as in F. sur (subgenus 
Sycomorus) lithocysts do not occur in the adaxial epidermis. 
In F. burtt-davyi, F. tetten.sis, F. ilicina and F. abutilifolia 
they occur only adaxially, while in all other investigated 
species they appear in both the abaxial and adaxial epi-
dermis. 
Three types of trichomes were found . The inost common 
type is unicellular, filiform with a bladder-like base between 
normal epidermal cells (Figure 8). Cystolith-containing 
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Figure 6 Scanning electron micrograph of a lithocyst (Li) with a 
cystolith ( Cy) in the adaxial epidermis of the leaf of F. tettensis. 
Ls 
100 urn 
Figure 7 Part of a transverse section of the lamina of F. capreifolia to 
show a lithocyst spine (Ls) and palisade-like spongy parenchyma (Sp). 
trichomes occur in the leaves of F. pygmaea (Figure 9) and 
resemble those in Humulus lupulus and Cannabis sativa 
(Cutter 1978). In a few species glandular trichomes were 
seen on young, developing leaves but they disappear as the 
leaves reach maturity. 
Abaxial epidermis 
In the majority of species the abaxial epidermis consists of a 
single layer of cells. In F. thonningii, F. craterostoma, F. 
fischeri, F. glumosa, F. ilicina, F. natalensis, F. abutilifolia 
and F. lutea, where a multiseriate abaxial epidermis occurs, 
the cells of the outer layer are smaller than those of the 
underlying layers. In the majority of investigated species the 
abaxial epidermal cells in the same leaf vary in size but in the 
members of the subgenus Urostigma they are uniform in 
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size, except opposite the vascular bundles where they tend 
to be smaller. 
In surface view and in transverse section, the abaxial 
epidermis appears smooth . In F. bizanae, F. thonningii, F. 
capreifolia, F. pygmaea, F. glumosa, F. fischeri, F. sansi-
barica, F. abutilifolia, F. sycomorus, F. stuhlmannii and F. 
tremula , however, the outer tangential walls are wrinkled, 
especially in the vicinity of the stomata (Figure 10), or may 
even be fimbriate as in F. trichopoda (Figure 11). 
Lithocysts in the abaxial epidermis are often enlarged to 
such an extent that they extend to over half the thickness of 
the lamina. Where lithocysts occur in both the abaxial and 
adaxial epidermis, those in the abaxial epidermis are con-
Figure 8 A longitudinal section of a unicellular trichome (Tr) in the 
adaxial leaf epidermis of F. tettensis. 
50 urn 
Figure 9 A cystolith-containing trichome (Tr) in the abaxial leaf 
epidermis of F. pygmaea. 
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Figure 10 Scanning electron micrograph of the abaxial surface of a 
leaf of F. glumosa. 
Figure 11 Part of a transverse section of the lamina of F. trichopoda to 
show the aerenchymatous spongy parenchyma (Sp) and fimbriate 
abaxial epidermis (Ab). 
siderably smaller and fewer than those in the adaxial 
epidermis. 
The trichome types of the abaxial epidermis resemble 
those of the adaxial epidermis. When occurring in both the 
abaxial and adaxial epidermis, they are considerably denser 
and longer in the abaxial epidermis (Figure 12). 
The leaves of all the species are hypostomatic and the 
stomata are of the anomocytic type (Cutter 1978). The 
guard cells are 16-30 .urn long and 8-18 .urn thick (cell 
thickness was measured perpendicular to the flat leaf 
surfaces). In most species the adjacent epidermal cells are 
1,2-2,8 times thicker than the guard cells, except in F. 
craterostoma where the guard cells are as thick as the 
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adjacent epidermal cells. In the majority of species the 
stomata occur on the same level as the other epidermal cells 
(Figure 13), or may be either slightly raised or slightly 
sunken. Deeply sunken guard cells occur in F. capreifolia, F. 
cordata, F. salicifolia, F. verruculosa, F. glumosa, F. tricho-
poda and F. ilicina (Figures 4 & 14). 
Mesophyll 
Palisade and spongy parenchyma are clearly differentiated 
in most species (Figures 3 & 5). The spongy parenchyma of 
the members of the subgenus Sycidium and the subgenus 
Urostigma (excluding F. salicifolia) have a palisade-like 
appearance (Figures 4 & 7). 
Figure 12 Scanning electron micrograph of a transverse section of the 
leaf of F. pygmaea to show the trichomes (Tr). 
20 urn 
Figure 13 Part of a transverse section of the lamina of F. thonningii to 
show that the guard cells (Gc) are flush with the remainder of the 
epidermis. 
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Seen in transection, the thickness of the spongy paren-
chyma in the majority of species is 1,5-2 times that of the 
palisade parenchyma (Table 1). In F. sycomorus, F. caprei-
folia, F. pygmaea, F. cordata, F. tremula, F. stuhlmannii, F. 
tettensis and F. trichopoda the thickness of the spongy 
parenchyma and palisade parenchyma has a 1:1 ratio while 
in F. lutea the ratio is 4:1 or 5:1. 
The palisade parenchyma consists of typical cylindrical 
cells with dense cytoplasm and numerous chloroplasts. In 
the majority of species it consists of two layers of cells. In 
some species, as in F. in gens, it is a single layer, while in F. 
abutilifolia, it is three or more layers thick (Table 1). 
Druse crystals occur in palisade cells adjacent to the epi-
dermis. The crystal-containing cells are shorter than ordinary 
palisade cells with less cytoplasm and without chloroplasts 
(Figure 15). Apart from tanniniferous idioblasts in the 
spongy parenchyma, tannin also occurs in some palisade 
parenchyma, especially in the layer adjacent to the epidermis 
(Figures 3, 4 & 15). 
Figure 14 Part of a transverse section of the lamina of F. ilicina to 
show the sunken guard cells ( Gc). 
The spongy parenchyma consists of isodiametric, irregular-
shaped or short, cylindrical cells with large intercellular 
spaces (Figures 3 & 13). Druse crystals and tannin occur in 
Table 1 Summary of the more important leaf characteristics 
Guard Thickness Presence of 
cells Thickness of spongy bundle sheath 
Thickness No. No. sunken of abaxial No. parenchyma / extensions 
ofmidvein / of cell layers of cell layers (S) Lithocysts adaxially epidermis/ of cell layers Thickness Appearance adaxially 
Thickness in adaxial in abaxial or flush (Ad) or abaxially Thickness of in palisade of palisade of spongy (ad) or 
Species of lamina epidennis epidermis (F) (Ab) located guafdcells parenchyma parenchyma parenchyma abaxially (ab) 
Subgenus Sycomorus 
F. sycomorus 5-6,4 2(3) F Ad+Ab 1,2-2,1 2 T ad+ab 
F. sur 3,1-5,3 2(1) F Ab 1,2-1,8 2 1,4-1,9 T ad+ab 
Subgenus Sycidium 
F. capreifolia 4 2 s Ad+Ab 2,7 2 0,7 p ad+ab 
F.pygmaea 6,7 2 F Ad+Ab 2,4 2 0,8 p ad+ab 
Subgenus Urostigma 
F. verruculosa 3,8-6,1 s Ab 2,1-2,5 1,7-2,4 p ad+ab 
F. ingens 4,6-6,5 F Ab 1,2-1,3 2,2-2,6 p ad+ab 
F. salicifolia 4,1-5,6 s Ab 1,5-2,3 1,9-2,9 T(P) ad+ab 
F. cordata 3,1-3,5 s Ab 2-2,5 2 0,8-1,2 p ad+ab 
SubgenusBibracteatae 
Series Fasciculatae 
F. bizanae 2,3-4,2 2 F Ad(Ad+Ab) 2,2-2,3 2 2-2,3 T ad+ab 
F.polita 2,9-3,7 2 F Ad(Ad+Ab) 1,2-1,6 2 1,6-2 T ad+ab 
F. sansibarica 3,3-4,6 2 F Ad(Ad+Ab) 1,4-1,7 2 1,6-1,9 T ad+ab 
F. tremula 3,3-4,1 2 F Ad(Ad+Ab) 1,7-2,1 2 1-1,3 T ad+ab 
Series Axil/ares 
F. thonningii 2-4 2(3) 2+ F Ad+Ab 1,1-1,9 2 1,2-2 T ad+ab 
F. burtt-davyi 2-2,8 2 1 F Ad 1,5-1,8 2 1,5-2 A ad+ab 
F. craterostoma 2-2,6 3+(2) 1(2) F Ad+Ab 1 2(3+) 1,9-3 T ab 
F.fischeri 5 2 2+ F Ad+Ab 1,7 1 1,7 T ad+ab 
F. glumosa 3-5,4 2 2+(1) s Ad(Ad+Ab) 1,5-2,4 3 1-1,5 A ad+ab 
F. ilicina 1,8-2,5 3+(2) 2+ s Ad 2,4-2,8 2-3 1,5 -1,8 A ad+ab 
F. natalensis 1,5-2,3 3+(2) 2 F Ad+Ab 1-1,5 2-3 1,9-2,7 T ab 
F. abutilifolia 3,6 3+ 2+ F Ad 1,8 5+ 0,7-1,5 A ad+ab 
F. stuhlmannii 3,7 3+ 1 F Ad+Ab 1,8 3 1,1 T ad+ab 
F. tettensis 4,8-5,4 3+ F Ad 1-1,7 5+ 0,6-1,4 T ad+ab 
F. trichopoda 3,9 3+ 1 s Ad+Ab 1,3 2 1,1 A ad+ab 
F.lutea 6,3-7,1 2 3 F Ad(Ad+Ab) 2-2,1 2 3,9-5 A ad+ab 
T- typical spongy parenchyma, P- palisade-like spongy parenchyma, A- aerenchymatous spongy parenchyma. 
Brackets indicate that the enclosed characteristic is seldom present. 
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some cells of the spongy parenchyma. 
The appearance of the spongy parenchyma has taxonomical 
importance. Three variations can be distinguished, namely, 
typical spongy parenchyma (Figure 3), palisade-like spongy 
parenchyma (Figures 4 & 7) and aerenchymatous spongy 
parenchyma (Figure 11 & Table 1). In some species with 
typical spongy parenchyma, part of it adjacent to the abaxial 
epidermis is often palisade-like. Where the spongy paren-
chyma appears palisade-like, constrictions in the longitudinal 
walls of the cells contribute to the formation of intercellular 
spaces (Figure 16). 
Vascular tissue 
The secondary, tertiary and quaternary veins which can be 
Figure 15 Part of a transverse section of the lamina of F. sur to show 
the crystal-containing cells (Cr) and tanniniferous cells (T). 
Figure 16 Palisade-like spongy parenchyma of F. ingens as seen in a 
transverse section of the lamina. 
303 
seen in a cleared leaf cannot easily be distinguished from one 
another in a transverse section of the leaf. Except for their 
smaller size, the secondary veins resemble the midvein. The 
smaller the veins, the fewer the vascular elements they 
contain until they consist only of tracheids surrounded by a 
bundle sheath (Figure 17). The vascular tissue of all species 
is surrounded by a bundle sheath. In the secondary and 
tertiary veins the sheaths are two or more cell layers thick, 
but in the smaller veins they are one cell layer thick. Some 
cells of the bundle sheath may contain tannin (Figures 5 & 
11). The sheaths of all species are abaxially and, except for 
F. natalensis and F. craterostoma, also adaxially extended to 
reach the epidermis (Figure 11). 
Figure 17 Transverse section of a quaternary vein in the leaf of F. 
thonningii to show the tracheids (Tr) and bundle sheath (Vs). 
Discussion 
Anatomical characteristics of the leaves that were found to 
be of taxonomic importance and were in fact applied in the 
delimitation of taxa (see key to the identification of species) 
are given in Table 1. Of these, the number of epidermal 
layers and the structure of the spongy parenchyma appeared 
to be the most valuable. 
It is apparent that certain characteristics, such as the ratio 
of thickness of the palisade to spongy parenchyma and the 
appearance of the bundle sheath, are of little phylogenetic 
importance, but nevertheless, proved to be useful in the 
identification of species (Table 1). 
Because a multiseriate adaxial epidermis occurs in an 
advanced taxon such as the Axillares, it may possibly be an 
indication of an advanced state, especially where it consists 
of three or more layers of cells. The subgenus Urostigma is a 
homogeneous group with a uniseriate adaxial epidermis. 
The series Axillares is the only group in which a multi-
seriate abaxial epidermis occurs, although a few species 
within the series have a uniseriate abaxial epidermis. 
The position of the guard cells in relation to the adjacent 
epidermal cells, that is whether they are flush with the 
adjacent epidermal cells or sunken, is by no means an 
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indication of the phylogenetic relationship between species. 
Sunken stomata are also not correlated with a dry habitat 
because F. capreifolia and F. pygmaea , which occur in wet , 
swampy places , have sunken stomata. 
Lithocysts occur only abaxially in the members of the 
subgenus Urostigma , which is another indication of the 
homogeneity of the taxon. In representatives of the series 
Fasciculatae lithocysts occur predominantly adaxially (Table 
1) , whereas they occur with about equal frequency in both 
the adaxial and abaxial epidermis of the members of the 
Axil/ares. The similarity of the characteristics of the epi-
dermis, palisade parenchyma and spongy parenchyma of the 
representatives of the Fasciculatae (Table 1 ) , is an indication 
of the homogeneity and well defined delimitation of this 
taxon. 
Palisade-like spongy parenchyma occurs only in the sub-
genera Sycidium and Urostigma, while aerenchymatous 
spongy parenchyma occurs only in the series Axil/ares. 
Aerenchymatous spongy parenchyma must be considered 
to be an advanced characteristic, especially as it is often 
associated with xerophytic features such as sunken stomata, 
trichomes and a relatively thick cuticle. 
Bundle sheath extensions appear in most of the Ficus 
species, abaxially as well as adaxially. F. natalensis and F. 
craterostoma are the only exceptions in which adaxial sheath 
extensions are lacking in the secondary and smaller vascular 
bundles. 
Key to the identification of southern African Ficus species 
based on anatomical characteristics of the leaves 
1. Adaxial epidermis uniseriate . . . . . . . . 
Adaxial epidermis biseriate or multiseriate . 
2. Spongy parenchyma typically spongy . . . . 
Spongy parenchyma palisade-like . . . . . 
2 
5 
F. salicifolia 
. . . . . 3 
3. Guard cells flush with rest of epidermal cells; abaxial epidermis 
cells 1,2-1 ,3 times thicker than the guard cells . . . . F. ingens 
Guard cells sunken; abaxial epidermal cells 2- 2,5 times thicker 
than the guard cells . . . . . . . . . . . . . . . . . . . . . . 4 
4. Adaxial and abaxial epidermal cells anticlinally elongated; ab-
axial epidermal cells irregular in size . . . . . . . . F. cordata 
Anticlinal and periclinal diameter of adaxial and abaxial epi-
dermal cells more or less equal; abaxial epidermal cells regular in 
·size .............. . .. . F. verruculosa 
5. Spongy parenchyma aerenchymatous . . . . . . . . 6 
Spongy parenchyma typically spongy or palisade-like 11 
6. Guard cells sunken . . . . . . . . . . . . . . . 7 
Guard cells flush with adjacent epidermal cells . 9 
7. Outer walls of abaxial epidermal cells smooth . F. ilicina 
Outer walls of abaxial epidermal cells wrinkled or fimbriate . 8 
8. Outer walls of abaxial epidermal cells conspicuously fimbriate 
. . . . . . . . . . . . . . . . . . . . . . . . F. trichopoda 
Outer walls of abaxial epidermal cells wrinkled but not fimbriate 
. F. glumosa 
9. Outer walls of abaxial epidermal cells wrinkled . F. abutilifolia 
Outer walls of abaxial epidermal cells smooth 10 
10. Spongy parenchyma 3,5 or more times thicker than the pali-
sade parenchyma; abaxial epidermis 2 or more cell layers thick 
···· · ···· · · · ·· · · · · ········· · · F.fu~ 
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Spongy parenchyma at the most 2 times thicker than the palisade 
parenchyma; abaxial epidermis 1 cell layer thick . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . F. burtt-davyi 
11. Spongy parenchyma palisade-like; outer walls of lithocysts spines-
cent . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Spongy parenchyma typical ; lithocysts not spinescent 13 
12. Guard cells sunken . . . . . . . . . . . . . . . F. capreifolia 
Guard cells flush with epidermis or raised above epidermis . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . F. pygmaea 
13. Lithocysts adaxially or predominantly adaxially located 14 
Lithocysts abaxially or predominantly abaxially located 17 
14. Outer walls of abaxial epidermal cells wrinkled 15 
Outer walls of abaxial epidermal cells smooth 16 
15. Basal part of trichomes 40-95 ,urn in diamater F. tettensis 
Basal part of trichomes at the most 24 ,urn in diameter . . . . . 
F. stuhlmannii 
16. Abaxial epidermal cells at least 2,2 times thicker than the guard 
cells ; spongy parenchyma typical . . . . . . . . . . F. bizanae 
Abaxial epidermis cells 1,2-1 ,7 times thicker than the guard cells; 
spongy parenchyma is palisade-like in places adjacent to the epi-
dermis . F. sansibarica , F. pol ita 
17. Lithocysts only abaxially located .. .. . .. . F. sur 
Lithocysts abaxially as well as adaxially located 18 
18. Adaxial bundle sheath extensions of secondary and smaller 
bundles lacking . . . . . . . . . . . . . . . . . . . . . . . 19 
Adaxial bundle sheath extensions of secondary and tertiary 
bundles present . . . . . . . . . . . . . . . . . . 20 
19. Diameter of abaxial epidermis 8-10 ,urn; diameter of abaxial 
epidermis same as the guard cells F. craterostoma 
Diameter of abaxial epidermis 16-19 ,urn; diameter of abaxial 
epidermis 1,5 times that of the guard cells F. natalensis 
20. Abaxial epidermis with trichomes 
Abaxial epidermis without trichomes 
F. sycomorus 
21 
21. Abaxial epidermis uniseriate . . . . . F. tremula 
Abaxial epidermis biseriate to multiseriate . 22 
22. Palisade parenchyma uniseriate ; adaxial epidermis less than 42 ,urn 
thick . . . . . . . . . . . . . . . . . . . . . . . . F. fischeri 
Palisade parenchyma biseriate; adaxial epidermis 44-100 ,urn 
thick . . . . . . . . . . . . . . . . . . . . . . . F. thonningii 
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